Background: Injury and death involving all-terrain vehicles (ATV) has been reported in a number of Canadian provinces. The objective of this study is to describe the frequency, nature, severity, population affected, immediate health costs, efficacy of related legislation, and helmet use in ATV related injuries and deaths in Newfoundland and Labrador (NL). Methods: A retrospective review of injured or deceased ATV riders of all ages entered in the Newfoundland and Labrador Trauma Registry from 2003 to 2013 was conducted. Variables studied included demographics, injury type and severity, use of helmets, admission/discharge dates, and referring/ receiving institution. Data was also obtained from the Newfoundland and Labrador Center for Health Information (NLCHI) and included all in-hospital deaths and hospitalizations due to ATVs between 1995 and 2013. Results: There were a total of 298 patients registered in the trauma registry, resulting in 2759 admission days, nine deaths, and a total estimated immediate healthcare system cost in excess of $1.6 million. More males (N = 253, 84.9%) than females (N = 45, 15.1%) were injured in ATV related incidents, t (20) = 7.12, p < .0001. Head and thorax injuries were the most serious. 38.6% of patients were confirmed to be wearing helmets. Mean injury severity scores are as follows: head injury (M = 11, SD = 9.51), thorax (M = 10, SD = 8.3), abdominal/pelvis (M = 9, SD = 7.62), upper extremity (M = 9, SD = 8.53), other injuries (M = 9, SD = 10.56) lower extremity (M = 8, SD = 8.34), and spine (M = 8, SD = 6.52).
INTRODUCTION
An all-terrain vehicle (ATV) is defined as a small fourwheeled motorized vehicle designed for use on various types of terrain. 1 ATVs employ motorcycle-type engines, a straddle-style seat, handlebars for steering, and low-pressure tires suited for rugged terrain. 2 ATVs have seen a steady increase in popularity, [3] [4] [5] [6] [7] particularly as recreational vehicles, 7 and are widely used in Newfoundland and Labrador (NL). 8 In an effort to ensure rider safety, Service Newfoundland and Labrador created legislation regarding operating ATVs, including age regulations and the use of an approved helmet. The provincial legislation in NL was amended to be more stringent in May 2005. This kind of public health legislation has an important role in protecting the health of populations 9 and theoretically should have a positive impact on safety. 10 As compared with the United States, there is a relative paucity of literature in Canada regarding ATV-related injuries. Additionally, no descriptive study of ATV-related injury in patients of all ages exists for NL; only the pediatric population has been investigated thus far to our knowledge. To better inform ATV injury prevention interventions, this study aimed to describe the frequency, nature, severity, population affected, immediate health care costs, the efficacy of related legislation, and the use of helmets in ATVrelated injuries and deaths in the province of NL.
METHODS

Data and data collection
We used a retrospective study design and obtained The Janeway Children's Hospital, also located in the capital, is the only trauma referral centre for children in the province. Any patient who had an ATV-related injury or death and who was treated at one of the aforementioned centres between 2003 and 2013 was included in this study (n = 298).
A registered nurse (RN), employed by the Eastern Health Authority to maintain the trauma registry, extracted data from the trauma registry upon request of the research team. No patient identifiers are recorded in the trauma registry, and therefore, the RN was blinded to any patient information. All patients who presented to an Emergency Department (ED) where the mechanism of injury was noted to be ATV related were included, from minor injuries to those who eventually succumbed to injuries in the hospital. The variables extracted from the trauma registry data included age, sex, helmet use, blood alcohol, injury date, admission date, discharge date, discharge status, and referring and receiving institutions. No individual charts were reviewed; accordingly, no standard extraction sheet was used. On review of the registry, blood alcohol levels were poorly recorded and were subsequently not analyzed. Patients who did not require admission and who were discharged from the ED were also included in this study.
Patients who were referred to the Adult Trauma Centre, St. Clare's Hospital, or Pediatric Trauma Centre from outside St. John's were identified, so they could provide insight into injuries occurring outside the urban centre. Patients who presented to a family physician or patients who were not referred to one of the three aforementioned hospitals from other areas of the province were not captured in this study. Data obtained from the Newfoundland and Labrador Centre for Health Information (provincial health information agency) included all ATV-related in-hospital deaths and hospitalizations between 1995 and 2013.
Any persons who died at the scene of an ATV-related crash were not included in this study. Data for those individuals would have gone through the provincial Office of the Chief Medical Examiner, and this information was not available to us.
Statistical analysis
Descriptive statistics were calculated using Microsoft Excel and SPSS. Comparisons of means were done as independent samples t-test and computed using SPSS software. To assess the effectiveness of amendments to safety legislation, the number of patients wearing helmets as noted in the trauma registry 2.5 years before and after the legislative amendment was compared. This time frame was used, as only data from 2.5 years prior to the legislation was available. A cost analysis was done using information obtained from the Division of Finance of Eastern Health and was calculated using the average cost of an acute care admission. The average cost of an emergency visit was added to each patient under the assumption that they had initially presented to an ED in the province. Data related to an intensive care unit (ICU) admission, surgical intervention, or out-of-hospital rehabilitation were not available from the trauma registry and therefore not included in our analysis. Our cost analysis is not meant to represent the overall economic burden but rather to illustrate immediate health care costs as a result of ATV-related incidents during the time frame. The formula used to calculate the cost per patient was the following: According to Eastern Health: 1) $574.50 is the average cost of a stay in an acute care bed; and 2) $134.50 is the average cost per visit to the ED.
RESULTS
Patient demographics
Between 2003 and 2013, 298 patients involved in ATVrelated incidents were recorded in the trauma registry. Of these 298 patients, nine died. The annual incidence and gender distribution of ATV-related injuries are shown in Figure 1 . There were more males (n = 253, 84.9%) than females (n = 45, 15.1%) injured in ATV accidents each year, t(20) = 7.12, p < 0.0001. The patient ages ranged from 2 to 88 years with an average age of 31.6 (standard deviation [SD] = 17.82) years, and the mode was 16 years of age. The frequency of ATV-related injuries by age group is shown in Figure 2 . Over the 10-year study period, 16% of those injured were under the provincial legal ATV operator age of 16 years.
Geographically speaking, 53% of the patients in the trauma registry who experienced an ATV-related injury or death initially presented to an institution outside St. John's.
Safety behaviour
Helmet use was unknown for 36.6% of the population studied. Helmet use was confirmed for 38.6% of the patients. Further, 24.8% of the patients were not wearing a helmet at the time of their injury. A breakdown of helmet use by year is illustrated in Figure 3 . 2003  2004  2005  2006  2007  2008  2009  2010  2011  2012  2013   Males  7  28  32  33  27  29  17  21  28  18  13   Females  0  5  6  10  3  3  1  4  6 Of the nine deaths in our study population, only one person was confirmed to have been wearing a helmet. There were six deaths in which the patient was not wearing a helmet, and the use of a helmet was unknown for two deaths.
Injury pattern
The most common injuries were to the head and lower extremities, each of which was seen in 21% of patients. Injuries to the thorax and upper extremity were both observed in 15%, followed by spinal injuries (12%), abdominal/pelvic injuries (11%), and other injuries (5%) such as burns and superficial wounds. For all 298 patients, 29% (n = 87) had more than one body region involved. A breakdown of the frequency of injury types is shown in Figure 4 .
Injury severity scores (ISS) were available for all but one of the patients in the trauma registry. The mean ISS was the highest for patients with a head injury 
Immediate health care costs
ATV injuries recorded in the trauma registry for the years 2003-2013 resulted in 2759 admission days. It was estimated that the immediate cost to the health care system because of ATV-related injuries between 2003 and 2013 was in excess of $1.6 million. A breakdown of the estimated yearly cost to the system is shown in Figure 6 .
Long-term ATV-related trends according to the provincial health information agency, 1995−2013
Between 1995 and 2013, the provincial health information agency reported a total of 1286 patients requiring a hospital admission, with a steady increase in the annual incidence of ATV-related hospitalizations. A simple linear regression indicated an increasing trend and predicted the number of hospitalizations each year (F[1,16] = 23.87, p = 0.0001). Based on this regression, the predicted values for 2014, 2015, 2016, and 2017 are 91, 93, 95, and 98, respectively. This trend is shown in Figure 7 . 
DISCUSSION
Using data from the NL trauma registry (2003-2013) and the NL health information agency (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) , this article describes the demographics, injury patterns, helmet use, hospitalizations, and immediate health care costs of ATV-related injuries in the province of NL.
Our findings demonstrated that males aged 16-20 years were the primary demographic injured and that is comparable to similar studies. A review of literature indicated that young males account for the majority of ATV accident victims and should be the primary target for intervention. 3, [11] [12] [13] In addition, 16% of persons who were injured were under the age of 16 years. The data available to us did not differentiate between operators and passengers, so we could not indicate what proportion of injured persons under 16 years of age were in control of the ATV at the time of the incident. The current legislation in NL does not provide an age restriction for passengers on ATVs. Future research is necessitated regarding driver/passenger status and the possible risk of injury while riding as a passenger.
There was a general increase in the incidence of ATV-related injury hospitalizations between 1995 and 2013 according to the NLCHI (Figure 7) . A bimodal distribution of frequency for ATV-related injury and death in the trauma registry was also discovered between 2003 and 2013, with peaks in incidence noted in 2006 and 2011 (Figure 1 ). Our results suggest that the incidence of ATV-related injuries was increasing until the introduction of amendments to legislation that made the penalties more stringent. After 2006, the incidence declined until a second peak was observed in 2011. This might be a result of increased ATV incident-related survival, conditioning to legislation, a possible decrease in enforcement, and changes in circumstances in which ATVs are used or in the economic environment/number of riders in NL. Considering these various factors and the limited data regarding the circumstances of injured riders, we believe more research is necessitated in this area. Similar to other studies in which no more than 34% of subjects wore helmets, 6, 7, [13] [14] [15] we found that 38.6% of patients were confirmed to be wearing a helmet at the time of their injury. Although legislation is believed to be a contributing factor to helmet use, our results suggest that there was no significant change in helmet use among injured riders following the introduction of more stringent legislation. The ineffectiveness of legislation alone has been found in other studies. 6, 7, [13] [14] [15] [16] [17] There could be several reasons for this finding.
Public knowledge of the laws in place might be lacking. The penalties for not complying with the legislation might not be enough to encourage helmet use. ATV riders might feel that they are less likely to be caught because of the off-road nature of their activity. Finally, enforcement of this legislation might be inadequate. These points further solidify the findings of others and our belief that in addition to legislation, an educational program is needed to raise awareness among riders. [17] [18] [19] Furthermore, increased off-road patrolling and postinjury enforcement could be considered if violations are committed.
Of the nine deaths observed over the study period, six persons were not wearing a helmet, one was wearing a helmet, and two were unknown. The actual cause of death is not known for these patients, and causality cannot be inferred. Nonetheless, other studies have demonstrated an association between the lack of helmet use and increased morbidity and mortality. 4, 5, 13, [20] [21] [22] The most common injuries were to the head and lower extremity. The most severe injuries, as indicated by ISS, were to the head and thorax. Considering that head injuries were frequent and resulted in more serious injuries, more needs to be done to ensure that helmet use is maximized among riders. Furthermore, the frequency and severity of head injuries suggest that helmet use was unlikely, ineffective, or inappropriate in those patients for whom helmet use was unknown. Enforcement of helmet use is only part of the solution; research and education regarding proper helmet use might be needed. Our findings are consistent with other research showing that head and thorax injuries were the most severe in other jurisdictions. 5, 7, [10] [11] [12] [13] [14] 20, 23, 24 The legislation that was amended to impose stricter penalties in May 2005 had little effect in reducing the severity of injuries if considered in isolation. The ISS for the 2.5-year pre-and post-legislative amendment period showed no significant difference. Ideally, legislation should protect riders and decrease the number and severity of injuries sustained. In addition, given that 29% of patients sustained injuries to more than one body region, legislation could be more prescriptive around the use of safety equipment other than helmets.
An analysis of the available data showed that the immediate cost to the health care system for ATVrelated injuries between 2003 and 2013 was in excess of $1.6 million. We found that the annual cost increased steadily up until 2006, after which a lower annual cost was observed. Although uncertain, this might be attributed to the legislative requirements put in place for ATV riders in mid-2005. The decline in the average cost to the health care system per year might also be because of missing data. Data related to ICU admission, surgical intervention, and rehabilitation were not available from the trauma registry; therefore, the cost analysis is likely underestimated. Another factor for the lesser cost calculated in this study could include the early discharge of patients to more suitable health care facilities or with community support such as rehabilitation, a model that is supported by Kosar et al. 25 This study was also limited to injuries that required tertiary trauma centre care and therefore excluded care administered at rural clinics and EDs. Provincial health information agency data suggested that there were more hospitalizations at a provincial level than was evidenced by the trauma registry. The exclusion of these rural areas might have caused an underestimation of the economic burden and frequency of ATV-related injuries. The prevention of ATVrelated injuries and death during the study period could have helped save over $1.6 million to be reinvested in injury prevention education campaigns or other areas of the health care system. Along with the lack of helmet use, alcohol, 3 riding as a passenger, 26 and riding on public roads [27] [28] [29] have been shown to be significant risk factors for ATV-related injuries and deaths. For the 298 injured people, blood alcohol levels were only recorded in the trauma registry for 26 people. No data existed regarding passenger status and type of terrain; we were unable to analyze the relationship between these potential factors and injury among our study subjects. Based on other literature, they are likely important areas for future research and legislative development.
Additionally, we acknowledge that the measurement of variables for only the 2.5-year pre-and postlegislative amendment period might not have been adequate. However, previous studies examined the effect of the legislation on bicycle helmet use during the 1-year post-legislation period giving precedence for our selected time range. 30 A major physician role is providing health maintenance through education; this could be done at the individual patient level and more broadly by public awareness campaigns. Having a better understanding of the groups at risk, patterns of injury, and limitations in current public health measures would better enable physicians both to treat and educate ATV riders.
CONCLUSIONS
This study described ATV-related injuries and deaths in NL. Information from this study could guide physician practice, public education, and future legislation. Despite being aimed at some of the high-risk behaviours (i.e., helmet use and age) displayed by ATV riders in NL, the current legislation for the province appears to be inadequate regarding helmet use and the prevention of significant injuries and/or deaths. Furthermore, people under the age of 16 years continue to be injured, although it is illegal for them to drive ATVs. There is no specific legislation regarding carrying passengers or any mandated education for riders. The deficiencies in the current ATV legislation point to education as a potential adjunct to further strengthen the safeguards for riders.
